The quality of sleep has a great relationship with health. The result of sleep stage classification is an important indicator to measure the quality of sleep. It was found that the symbolic transfer entropy about wake and the first stage of non-rapid eye movement sleep reflect on the changes of sleep stage. And it was confirmed by T test and multi-samples experiments. The symbolic transfer entropy can apply into automatic sleep stage classification. By Multi-parameter analysis it could achieve a higher accuracy of sleep stage classification.
Introduction
Sleep EEG signals are chaotic signals which have a wide range of nonlinear dynamical characteristics [1] . The correlation dimension, Lyapunov exponent, approximate entropy were applied in the field of sleep EEG studies [2] . We know that with the deepening of sleep from the awake state, the brain activity degrees reduction of freedom which suggests that the brain cell is continuing coupling, or the original active part is continuing inacting [3] . Hence the correlation of the EEG signal enhanced.
Human body was in line with three basic characteristics of the dissipative structure. So the symbolic transfer entropy (STE) [4] [5] [6] can be use to analyze human sleep stage. Selecting one lead EEG signals from MIT-BIH Polysomnographic Database of PhysioBank, after analyzing awake stages and NREM sleep stages, it was found that the symbolic transfer entropy in the different sleep stages has different characteristic values. The symbolic transfer entropy of wake stages was larger and that of NREM sleep stage was less. It can distinguish different sleep stages. The symbolic transfer entropy [4] [5] [6] as a new parameters of sleep stage can be extended to the staging of sleep in REM and NREM sleep period, and accordingly can study the structure of patients with a night's sleep.
Theory

1) Symbolizing time series
Assuming ECG sequence is X, X ={ 0
x , 1 x , 2 x ,…, i x ,…, N x }, and sequence length is N.
Transferring the sequence X into a sequence of symbols
). Specific conversion method is as follows: Calculating differently the mean value of signals greater than zero and signals less than zero of sampled ECG signal, it is denoted by 1 u and 2 u . 
x )， p is the transition probability density . If not haing Markov bias, it indicates Y having no effect on X. Then transfer entropy can also be seen as the permutation entropy between p( |
The transfer entropy of sequence X and sequence Y is defined as:
Selecting two sets of data of different leads in the same time for the same individual, after a symbolized sequence were S and J respectively. Using the formula, it can be calculated the symbol transfer entropy. 
Data analysis
Sleep EEG data used in this paper were from the PhysioBank the MIT-BIH Polysomnographic Database. Records in the Database is a multi-parameter sleep data, including EEG, ECG, EOG, EMG etc. The data sampling frequency is of 250Hz. The paper used one lead EEG signals of multiparameter sleep data from subject slp41 (C4-A1) whose wake stage and NREM I sleep stage signal was extracted. Each stage was of 7500 sampling points. The sleep process is continuous, so the 7500 point may not entirely belong to a sleep stage and we used 2000 sampling points between 2500-5000 points.
When multisample confirming experimental laws, it was randomly selected three samples which were taken in this experiment were slp41, slp48, slp59. The EEG leads were slp41 (C4-A1), slp48 (C3-O1), slp59 (C3-O1) respectively. slp41 (C4-A1) was on behalf of the receiver 41 whose EEG was obtained through the C4-A1. Similarly, slp48 (C3-O1), slp59 (C3-O1) showed that 48th and 59th subjects' EEG were taken from leads C3-O1.
It was randomly extracted 5 wake stage signals and 5 NREM I stage signals from subjects slp41 with data length 2000. The mean and variance of symbolic transfer entropy for these signals when at n=4 were calculated. The experimental results were shown in Tab. 1. Further, we analyzed other different individual data, respectively. The analyzed data were 500 sampling points. After the mean-variance table was obtained, it was given the T test. The following is the T test results.
According to Tab. 2, the mean and variance of the symbolic transfer entropy for these signals were shown in Figure 1 . 
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